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SUMMARY
This study’s goal was to obtain the length, 

medial-anterior angulation, and basis-apex 
coordinates of the styloid process (SP) on 3D-
CT images of asymptomatic individuals. In this 
study, the anterior and lateral lengths, anterior 
and medial angulation, and coordinate values 
on the x, y, and z-axes of the basis-apex of the 
SP in 259 cases (132 males, 127 females) were 
investigated. The mean anterior SP lengths were 
detected to be 23.65 mm on the right side and 
23.35 mm on the left side, and the mean lateral SP 
lengths were detected to be 21.77 mm and 21.64 
mm on the right and left sides, respectively. The 
mean medial angulation of the SP was measured 
to be 64.37° on the right side and 64.42° on the 
left side, and the mean anterior angulation was 
measured to be 30.16° and 33.69° on the right and 
left sides, respectively. The SP basis coordinates 
(right: x= -40.70, y=0, z=0, left: x=40.39, y=0, 
z=0) and SP apex coordinates (right: x= -31.74, 
y= -18.90, z= -10.36, left: x=31.91, y= -18.01, z= 
-11.53) were determined in mm. The results of 
this study will positively affect the quality of the 
report of radiologists who report CT images of 
the SP in daily routine practice. Furthermore, it 
is important for the prevention of complications, 

which may be encountered during the pre-
postoperative period by otorhinolaryngologists 
dealing with the surgery of this region.
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INTRODUCTION
The styloid process (SP) is a thin needle-like 

protrusion located in the anterior part of the 
stylomastoid foramen, emerging from the lower 
surface of the petrous part of the temporal 
bone, extending downward and anteriorly, and 
extending between the external and internal 
carotid arteries toward the tonsillar fossa (Kosar 
et al., 2011).

The SP continues to elongate as a result of 
ossification until the age of 8, and its elongation slows 
down at the age of about 30 (Baylan, 2017). The SP 
length may vary according to individual factors in 
different populations (Şener et al., 2018). However, 
in the literature, the normal length of this structure 
was reported to be between 20-30 mm. In cases 
with the SP length of more than 30 mm, it was called 
the elongated SP, and it was reported that it might 
cause Eagle syndrome (Şener et al., 2018). In many 
studies conducted to evaluate the SP, the elongated 
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SP was reported in 4% of patients (Shayganfar et 
al., 2018). Of these patients, 4-10.3% were reported 
to be symptomatic (Shayganfar et al., 2018). In the 
case of elongated SP, it can cause symptoms, such 
as foreign body sensation in the throat, pain when 
moving the head, vertigo, dysphagia, otalgia, facial 
pain, headache, tinnitus, and trismus by creating 
pressure on the adjacent neurovascular structures 
(Hettiarachchi et al., 2019)prevalence and type of 
elongation, and angulation of the styloid process 
in relation to sex and side on digital panoramic 
radiographs in a Sri Lankan population. Methods: A 
total of 100 digital panoramic images selected from 
the database at the Division of Oral Medicine and 
Radiology, Faculty of Dental Sciences, University 
of Peradeniya, Sri Lanka were evaluated for the 
radiological features of the styloid process. Lengths 
greater than 30 mm were consider as elongated. 
Elongated styloid processes were also classified 
into three types based on Langlais classification 
(elongated, pseudo articulated; and segmented. It 
is possible to confuse the elongated SP with other 
diseases causing the same symptoms in the head 
and neck region. Therefore, the elongated SP is 
difficult to diagnose only with clinical findings and 
should be radiologically examined for a definitive 
diagnosis (Piagkou et al., 2009). It has been reported 
that the SP length can be evaluated in the best way 
upon 3D-computed tomography (CT), multi-slice 
CT, multi-plane reconstruction, and maximum 
intensity projection (Okur et al., 2014).

Cranial nerves IX, X, XI, and XII, the sympathetic 
trunk, the internal jugular vein, and the internal 
carotid artery are localized in the medial of the SP 
(Hettiarachchi et al., 2019)prevalence and type of 
elongation, and angulation of the styloid process 
in relation to sex and side on digital panoramic 
radiographs in a Sri Lankan population. Methods: 
A total of 100 digital panoramic images selected 
from the database at the Division of Oral Medicine 
and Radiology, Faculty of Dental Sciences, 
University of Peradeniya, Sri Lanka were evaluated 
for the radiological features of the styloid process. 
Lengths greater than 30 mm were consider as 
elongated. Elongated styloid processes were also 
classified into three types based on Langlais 
classification (elongated, pseudo articulated; and 
segmented. The deviation of the apex of the SP to 

the anterior and medial is clinically significant 
because it affects the adjacent neurovascular 
structures. Therefore, this study aimed to obtain 
the lengths, medial and anterior angulations, and 
especially the basis and apex coordinates of the 
SP, which had not been examined in the literature 
yet, in asymptomatic individuals (individuals who 
were thought not to have Eagle syndrome).

MATERIALS AND METHODS
This study was performed retrospectively 

on 3D-CT images of asymptomatic individuals 
(by obtaining 3D images from CT images using 
a RadiAnt DICOM viewer) acquired from the 
hospital’s “Picture Archiving and Communicating 
System” (PACS) in the Radiology Department. 
Approval was obtained from Suleyman Demirel 
University Faculty of Medicine Clinical Research 
Ethics Committee. In this study, the morphometric 
properties of the SP were investigated in 259 
individuals (132 males, 127 females) aged 
between 5 and 98 years (mean age 46.25 ± 24.58).

Morphometric measurements

SP length: The anterior (Fig. 1) and lateral (Fig. 
2) SP lengths were obtained by measuring the 
right and left-side SP lengths separately from the 
anterior and lateral sides.

Origin point: The point at which the vertical 
axis passing through the pharyngeal tubercle 
intersects the axis, which joins the SP bases, was 
considered to be the origin point (Fig. 1).

Apex coordinates: The coordinates of the SP 
apexes were determined on the coordinate plane 
(x, y, z).

x: On the coronal plane, it was accepted as the 
transverse axis, which joins the bases of the SP 
(Fig. 1). 

y: On the coronal plane, it was accepted as the 
vertical axis, which passes through the pharyngeal 
tubercle (Fig. 1). 

z: It was taken as the sagittal axis, which passes 
through the junction of the x and y-axes (Fig. 2). 

Basis coordinates: The distances of the bases of 
the SP from the origin point were measured.
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Medial angulation of the SP (MA): The angle 
between the long axis of the SP on the coronal plane 
and the axis joining the SP bases was measured.

Anterior angulation of the SP (AA): The angle 
between the axis passing through the back edge 
of the SP in the sagittal plane and the vertical axis 
passing through the base of the SP was measured 
(AA measurement was made in this way, as it 
will provide more practical use when performing 
radiological evaluation).

In 3D-CT images, the length measurements of the 
SP from the anterior and lateral parts are different 
from each other, because the angulations of the SP 
toward the anterior and medial parts are different. 
For both measurements to be equal to each other, 
the angulations of the SP toward the anterior and 
medial parts should be corrected to be zero. If 
measurements are performed by correcting these 
angulations, the length measurements of the SP, 
made from both the anterior and lateral parts, 

Fig. 1.- A 19-year-old male patient. The SP lengths measured from the anterior view and the x- and y-coordinate planes. (*) Medial angulation.

Fig. 2.- A 19-year-old male patient (The same patient as in Fig. 1). The SP lengths measured from the lateral (a. right, b. left) view and the y- and 
z-coordinate planes; (*) Anterior angulation.
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will be equal to each other. In practical use, these 
angulation corrections are very difficult to apply. 
Therefore, the SP lengths were measured from 
the anterior and lateral parts separately, which 
can be used in a radiological evaluation.

By converting the CT images of the patients 
into a 3D format using a “RadiAnt DICOM viewer 
4.6.9”, the places to be measured were marked, 
and the screen image was taken and transferred 
to the MATLAB program. Afterward, using 
the ginput tool of the MATLAB program, the 
SP lengths, angulations, and positions on the 
coordinate plane were determined according to a 
specified reference measure. Drawings showing 
the position of the SP on the coordinate plane 
were also obtained using the MATLAB program 
(Figs. 3, 4, 5).

Statistical analysis

Statistical analysis was performed using SPSS 
Inc. for Windows 20.0 program. The arithmetic 
means and standard deviations of the parameters 
were determined according to age, side, and 
gender. The Kruskal-Wallis test was used to 
compare parameters between the age groups 
(decades). The Independent Samples T-Test was 
used to perform pairwise comparison between the 
genders, sides and decades. Pearson’s correlation 
analysis was used for the correlation analysis.

RESULTS
The SP length was measured from the anterior 

and lateral sides (Table 1). The SP lengths 
(anterior, lateral) were compared on the right and 

Fig. 3.- a. The mean medial angulations and the mean coordinate values of the base and apex of the SP when viewed from the anterior part; b. The 
anterior views of all SPs.

Fig. 4.- a. The mean anterior angulation and the mean coordinate values of the apex of the SP when viewed at the right SP from the lateral part; b. The 
lateral views of all the right SPs.
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left sides according to gender, and the SP lengths 
on both sides were found to be more significant 
in male patients. However, only the right lateral 
SP length was statistically significantly longer in 
male patients (p=0.032) (Table 1). There was no 
statistically significant difference between the 
anterior and lateral SP lengths on the right and 
left sides (Table 1). The mean medial angulation 
(MA) and anterior angulation (AA) on the right and 
left sides were determined (Table 1, Figs. 3a, 4a, 
5a). The MA and AA were compared on the right 

and left sides according to gender. The MA was 
found to be statistically significantly higher in 
male patients on both sides (p=0.029 on the right 
side and p<0.001 on the left side). The AA was also 
higher in male patients on both sides. However, it 
was not statistically significant (Table 1). The MA 
and AA on the right and left sides were compared 
regardless of gender. Only the AA was found to be 
statistically significantly higher on the left side 
(p<0.001) (Table 1).

Fig. 5.- a. The mean anterior angulation and the mean coordinate values of the apex of the SP when viewed at the left SP from the lateral part; b. The 
lateral views of all the left SPs.

Table 1. The results of our study (5 to 98 years old) regarding the SP length, angulation, and coordinate values.

Male
(n=132)

Female
(n=127)

Total
(n=259)

P

Coordinate values (n=259)  

Mean±SD Mean±SD Mean±SD x (mm) y (mm) z (mm)

SP lengths
anterior 
(mm)

Right 24.68±10.03 22.58±8.85 23.65±9.51 0.076 SP 
basis

Right -40.70 0 0

Left 24.07±9.03 22.60±8.30 23.35±8.70 0.174 Left 40.39 0 0

P 0.437

SP lengths 
lateral
(mm)

Right 22.93±9.40 20.58±8.03 21.77±8.82 0.032* SP 
apex

Right -31.74 -18.90 -10.36

Left 22.55±8.55 20.68±7.54 21.64±8.11 0.063 Left 31.91 -18.01 -11.53

P 0.696

Medial
angulation

Right 65.33°±6.85° 63.38°±7.46° 64.37°±7.21° 0.029*

Left 66.16°±8.25° 62.60°±6.82° 64.42°±7.78° <0.001*

P 0.923

Anterior 
angulation

Right 30.63°±9.16° 29.68°±9.09° 30.16°±9.12° 0.403

Left 34.40°±9.27° 32.96°±8.87° 33.69°±9.09° 0.205

P <0.001*

SP: Styloid Process, * p<0.05, SD: Standard deviation
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The mean coordinate values of the bases and 
apexes of the SPs were determined (Table 1). All 
SPs were displayed from the anterior (Fig. 3b) 
and lateral (Figs. 4b, 5b). The mean coordinate 
values of the bases and apexes in the anterior 
and lateral views of the SPs and the MA and AA 
values were displayed on the coordinate plane 
(Figs. 3a, 4a, 5a).

The mean values of the anterior and lateral SP 
lengths, MA and AA according to decades were 
obtained, and it was determined whether there 
was a statistically significant difference between 
the decades (Table 2). The MA did not differ 
statistically significantly between the decades on 
both sides (Table 2). While the AA on the right side 
did not differ statistically significantly between 
the decades, it differed statistically significantly 
between the decades on the left side AA. When 
a pairwise comparison was made between the 
decades, it was observed that this difference 
originated from the 3rd and 8th decades. A 
statistically significant difference was observed 
between the decades in all parameters related to 
the SP length (p<0.05). This difference originated 
from the 1st decade in all parameters (Table 2).

DISCUSSION
Eagle (1937) reported the normal length of the 

SP to be between 25-30 mm and accepted the SP 
longer than 30 mm as elongated. Eagle (1937) 
also stated that the elongated SP might cause 
Eagle syndrome. Jung et al. (2004)based on early 
reports, do not respect the natural variation of 
the SP. The aim of this study is to investigate the 
natural variation of the length of the SP. Knowing 
this variation is a prerequisite for consistent 
terminology in anatomy and anthropology; it is 
essential for the classification of the SP as elongated 
on panoramic radiographs (PRs accepted the SP 
to be elongated if it was longer than 45 mm. The 
most prominent symptom of Eagle syndrome is 
chronic pain in the head and neck region, which 
is caused by the elongated SP creating pressure 
on the adjacent structures. However, despite the 
elongated SP in many patients, its symptoms 
were not encountered (Burulday et al., 2017; 
Hettiarachchi et al., 2019; Kosar et al., 2011; 
Okur et al., 2014)which is an affective modality 

in the identification of ES, and a comparison with 
related studies. Three-dimensional (3D. 

Knowing the SP length is important for the 
diagnosis of Eagle syndrome. However, it is not 
sufficient to know only the SP length, because the 
deviations of the SP also lead to Eagle syndrome 
by affecting the adjacent structures. It has 
been reported that although the SP has normal 
dimensions, it can be palpated in the tonsillar 
fossa as a result of its medial deviation (Frommer, 
1974). Furthermore, lateral deviation causes 
compression in the external carotid artery, and 
posterior deviation causes compression in cranial 
nerves IX, X, XI, and XII. Anterior deviation 
irritates the mucosa and creates pressure on vital 
structures in the tonsillar region (Mazzetto et al., 
2013; Piagkou et al., 2009). Therefore, studies 
investigating the medial and anterior angulation 
of the SP in addition to its length have been 
conducted in asymptomatic individuals (Burulday 
et al., 2017; Kosar et al., 2011). In the present 
study, the coordinates of the basis and apex of the 
SP were determined, in addition to examining the 
above-mentioned parameters. These coordinates 
will demonstrate with which structures the apex 
of the SP is closely related, and will provide more 
detailed information about the probability of its 
influencing the adjacent structures. 

Multi-slice CT and 3D-CT are among the best 
imaging modalities to evaluate the SP length 
(Okur et al., 2014). 3D-CT was reported to be the 
most reliable imaging method to determine the SP 
length and MA, and to investigate the relationship 
between the SP and adjacent structures (Pokharel 
et al., 2013). Considering that there are clinicians 
using imaging methods other than 3D-CT, it is 
thought to be more useful to measure the SP length 
separately from the anterior and lateral sides.

Ekici et al. (2013) and the distribution of the 
SP lengths in different age and sex groups using 
MDCT. MDCT scans were performed in 805 
patients (401 males, 404 females found a higher 
mean SP length in males than in females (p<0.001) 
(Table 3). They determined the mean SP length to 
be 30.7 mm in the 4th decade, 32.9 mm in the 5th 
decade, 32.1 mm in the 6th decade, and 32.6 mm 
in the 7th decade. Cullu et al. (2013) found the SP 
length in multidetector computed tomography 
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(MDCT) images to be 28.5 mm in the 4th decade 
and 28.2 mm in the 5th decade. The results of 
the present study are smaller than the results 
obtained by Ekici et al. (2013)and the distribution 
of the SP lengths in different age and sex groups 
using MDCT. MDCT scans were performed in 805 
patients (401 males, 404 females and Cullu et 
al. (2013). This situation may be due to different 
imaging methods and measurement locations. 

The results obtained by Custodio et al. (2016) 
regarding the lateral SP length in the skull are 
presented in Table 3. The results of the current 
study regarding the lateral SP length are consistent 
with the above-mentioned lateral measurement 
results. This may be since 3D-CT imaging is the 
imaging method closest to reality. Shayganfar 
et al. (2018) reported in their study that the SP 
length varied between 4.1-57 mm on the right 

Table 2. The mean values of the SP length and angulation according to age groups (decade) and genders.

Decade Gender N
SP lengths anterior (mm) SP lengths lateral (mm) Medial angulation (°) Anterior angulation (°)

Right Left Right Left Right Left Right Left

5-10

Male 11 13.33±6.94 14.54±9.25 12.03±6.34 13.24±8.52 62.60±10.59 64.92±13.29 32.05±14.30 35.54±15.14

Female 7 13.20±7.73 16.58±4.46 11.47±6.66 14.42±4.32 53.75±8.41 57.15±6.06 41.07±17.49 25.34±7.11

Mean 18 13.28±7.03 15.33±7.64 11.81±6.27 13.70±7.04 59.16±10.52 61.90±11.49 35.55±15.77 31.57±13.37

11-20

Male 23 24.96±10.73 24.43±8.74 23.16±10.07 22.80±8.35 65.28±5.82 65.99±9.25 28.16±8.59 31.78±9.76

Female 23 20.95±10.03 21.56±9.50 18.92±9.02 19.54±8.61 64.03±9.26 61.92±6.54 30.31±10.69 31.56±8.50

Mean 46 22.96±10.47 22.99±9.14 21.04±9.69 21.17±8.55 64.65±7.67 63.96±8.18 29.24±9.65 31.67±9.05

5-20 Total 64 20.23±10.53 20.84±9.35 18.45±9.76 19.07±8.78 63.11±8.84 63.38±9.18 31.02±11.91 31.64±10.33

21-30

Male 5 25.09±11.02 22.94±11.61 23.31±10.72 21.69±11.23 64.27±7.48 68.19±8.04 28.23±6.68 32.48±9.67

Female 6 25.69±9.60 24.81±7.98 23.22±8.45 22.86±7.09 64.53±6.68 66.78±5.03 21.90±7.84 23.02±6.16

Mean 11 25.41±9.73 23.96±9.31 23.26±9.04 22.33±8.72 64.41±6.69 67.42±6.25 24.78±7.71 27.32±8.99

31-40

Male 14 25.40±7.56 25.90±9.96 23.61±6.63 24.19±8.65 66.91±4.85 67.21±6.17 27.40±7.65 30.56±8.17

Female 19 21.41±5.03 19.85±4.40 19.90±4.71 18.28±3.97 66.02±6.68 64.00±8.43 28.62±6.81 32.54±8.90

Mean 33 23.10±6.44 22.42±7.77 21.47±5.81 20.78±6.93 66.40±5.91 65.36±7.62 28.10±7.09 31.70±8.52

41-50

Male 18 25.71±6.78 22.73±6.76 23.91±6.24 21.60±6.37 65.22±6.82 68.12±5.14 32.89±7.41 36.34±6.80

Female 20 25.23±11.14 26.33±12.76 23.04±10.03 24.16±11.26 63.65±4.61 64.21±6.55 27.14±6.71 32.53±5.49

Mean 38 25.45±9.22 24.62±10.39 23.45±8.35 22.95±9.24 64.39±5.74 66.06±6.17 29.86±7.53 34.34±6.36

51-60

Male 23 24.11±8.41 24.48±9.74 22.58±7.83 22.92±9.63 66.09±5.90 64.12±9.60 33.43±9.45 36.50±10.14

Female 11 23.78±9.98 23.92±5.43 21.60±8.56 21.79±4.62 62.77±6.42 61.93±5.71 31.74±5.18 34.38±5.99

Mean 34 24.00±8.79 24.30±8.50 22.26±7.96 22.56±8.28 65.02±6.18 63.41±8.51 32.88±8.26 35.81±8.97

61-70

Male 16 28.47±11.20 27.22±8.31 26.62±10.40 25.72±7.90 67.44±4.67 67.95±5.99 27.49±5.64 33.14±7.50

Female 13 24.36±5.41 24.46±6.25 22.31±5.24 22.34±5.97 63.44±6.11 61.18±7.12 28.67±7.53 33.36±9.83

Mean 29 26.63±9.17 25.98±7.46 24.69±8.63 24.20±7.18 65.65±5.64 64.92±7.25 28.02±6.46 33.24±8.46

71-80

Male 13 27.45±12.09 24.79±5.14 25.78±11.98 23.26±4.77 65.22±7.16 65.98±7.45 32.48±12.07 37.04±7.35

Female 10 25.35±9.76 23.44±8.19 22.82±9.08 21.65±7.48 61.12±7.92 61.37±6.86 30.94±7.99 40.33±7.07

Mean 23 26.54±10.95 24.20±6.50 24.49±10.69 22.56±5.99 63.43±7.61 63.98±7.41 31.81±10.31 38.47±7.26

81-90

Male 4 27.84±4.48 30.15±5.98 24.79±3.45 28.27±5.27 60.64±14.93 67.99±10.19 33.83±7.92 34.94±7.33

Female 15 22.06±7.33 21.88±6.52 20.27±6.78 20.35±6.22 64.47±7.78 63.31±6.75 30.72±7.90 37.24±10.63

Mean 19 23.28±7.14 23.62±7.14 21.22±6.43 22.01±6.76 63.66±9.32 64.30±7.52 31.38±7.79 36.75±9.89

91-98

Male 5 23.11±16.38 25.59±11.97 20.82±14.41 23.33±11.07 62.31±7.75 60.42±4.70 31.93±7.41 36.57±7.39

Female 3 21.78±3.87 20.69±4.70 19.90±4.19 18.99±4.17 64.03±7.79 61.87±2.69 24.73±6.07 34.13±13.93

Mean 8 22.61±12.57 23.76±9.73 20.48±11.13 21.70±8.95 62.96±7.24 60.96±3.90 29.23±7.47 35.66±9.39

21-98 Total 195 24.78±8.90 24.18±8.33 22.87±8.22 22.48±7.71 64.79±6.56 64.76±7.25 29.88±8.02 34.37±8.56

5- 98 Total 259 23.65±9.51 23.35±8.70 21.77±8.82 21.64±8.11 64.37±7.21 64.42±7.78 30.16±9.12 33.69±9.09

P a <0.001 b 0.004 b <0.001 b 0.001 b 0.377 0.474 0.107 0.005 c

a Comparison of all decades, b The difference between decades arises from the 1st decade, c The difference between decades arises from decades 3 and 8. 
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side and 7-62 mm on the left side (age range 12-
75). In our study, the SP length was determined to 
be between 2.12-61.02 mm on the right side and 
2.35-60.65 mm on the left side (age range 5-98). 
The reason for this small difference between the 
study carried out by Shayganfar et al. (2018) and 
our results may be that the samples in our study 
started from a younger age.

In Table 3, differences between the results of the 
studies conducted on the SP length in the Turkish 
population suggest that the effect of ethnicity on 
the SP length is weak, although measurement 
and imaging methods are different. Steinmann 
(1968) suggested three different theories that 
attempted to explain the cause of the elongated 

SP. The first one is the “Reactive Hyperplasia 
Theory”, in which the post-traumatic stylohyoid 
ligament continues to ossify from the end of the 
SP. The second theory is the “Reactive Metaplasia 
Theory”, in which the stylohyoid ligament ossifies 
with a traumatic stimulus. The second theory is 
explained by the presence of ossification centers 
in the stylohyoid ligament. These two theories 
assert the ossification of the stylohyoid ligament 
after a traumatic event in any age group. The third 
theory was suggested as a simple anatomical 
variation with normal ossification without any 
trauma. This anatomic variation explains the 
ossification observed in children and young 
people who have not experienced any trauma. 

Table 3. Comparison of the results of this study with the results of other studies.

Authors
Study 
group

Population
Method N

SP length (mm) Medial angulation  (°) Anterior angulation  (°)

Age Right Left Right Left Right Left

Balcioğlu 
et al. 
(2009)

AS
Turkish

Panoramik 
radyografi

M 103 25.78±5.68 25.80±5.75
- - - -

18-70 F 124 22.69±3.68 22.75±3.65

Shaygan-
far et al. 
(2018)

AS
Iranian

MDCT
M 226 26.2±7.4 25.8±7.9 - - - -

12-75 F 177 24.5±7.2 24.6±7.8

Hettiara-
chi et al. 
(2019)

AS
Sri Lanka

Panoramik 
radyografi

M 43 28.4±6.2 26.4±5.4 - - - -

20-30 F 57 25.8±4.4 24.8±5.5

Ekici et 
al. (2013)

AS
Turkish

MDCT
M 404 33.2±13.2

70.5±4.2 - -
18-97 F 401 29.6±10.5

Cullu et 
al. (2013)

Turkish
MDCT

M 98 29.2±5.6 - - - -

31-50 F 62 27.2±5.2

Custodio 
et al. 
(2016)

-
Brazilian

Skull
LM 15 18.90±13.14 19.25±14.54 - - -

- PM 26.04±12.65 24.98±12.94

Vadga-
onkar et 
al. (2015)

-
Indian

Skull
- 110

17.8±9.3 - - - - -
-

Yavuz et 
al. (2008)

-
Turkish Towne’s

X- ray

- 31
28±13 26±12 - - 21.4±7.7 18.5±8.1

23-80

Burulday 
et al. 
(2017)

AS
Turkish

3D-CT - 25 16.6±9.5 17.1±8.4 65.6±5.3 67.5±4.7 - -
19-60

Büyük et 
al. (2018)

AS
Turkish

CBCT
M 424 36.37±10.2 72.23±6.43 -

>18 F 576 32.75±8.82 70.34±6.61 -

Kent et 
al. (2015)

AS
American

3D-CT
M 16 -

70±6 24±8
>18 F 14 -

Ayyıldız 
et al. 
(2019)

ES
Turkish

3D-CT
M 14 44.45±10.08 38.09±10.94 65.13±4.13 65.18±7.14 25.24±8.30 27.79±9.72

21-92 F 10 37.25±6.12 33.25±10.78 59.82±1.88 60.97±3.69 31.87±6.89 34.12±6.49

Our 
study

AS
Turkish

3D-CT
M 98 25.89±9.42 25.06±8.52 65.64±6.57 66.34±7.36 31.05±8.59 34.88±8.29

21-98 F 97 23.65±8.24 23.28±8.08 63.92±6.47 63.16±6.81 28.70±7.25 33.85±8.84

AS: Asymptomatic, ES: Eagle syndrome, M: Male, F: Female, LM: Lateral measurement, PM: Posterior measurement
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Camarda et al. (1989) explained the ossification 
observed in adults due to aging without trauma by 
the “Theory of Aging Developmental Anomaly”.

In previous studies (Balcioglu et al., 2009; Buyuk 
et al., 2018; Shayganfar et al., 2018), similarly to our 
study, the anterior SP length was found to be longer in 
male patients than in female patients (Table 3). While 
no statistically significant difference was observed 
between genders in the present study, a significant 
difference was reported in the studies conducted 
by Büyük et al. (2018), Balcıoğlu et al. (2009), and 
Shayganfar et al. (2018). In our study, no statistically 
significant difference was observed between the 
anterior and lateral SP lengths on the right and 
left sides. Balcıoğlu et al. (2009) and Burulday et 
al. (2017) indicated that there was no statistically 
significant difference between the SP lengths on 
both sides, similarly to our study. The anterior and 
lateral SP lengths differed statistically significantly 
on both sides between decades (Table 2). When a 
pairwise comparison was made between decades, it 
was determined that this difference originated from 
the 1st decade. Although the mean in the 3rd decade 
was higher than that in the 2nd decade, there was 
no statistically significant difference between them. 
This situation suggests that the SP development was 
very fast in the 1st decade, slowed down in the 2nd 
decade and completed in the 3rd decade.

According to Table 3, the MA results of this study 
are consistent only with the results obtained 
by Burulday et al. (2017). Although the method 
employed was the same, the results obtained 
by Kent et al. (2015) were different from the MA 
results of the present study. The reason for this 
difference may be that the population studied was 
different. Although Büyük et al. (2018) and Ekici 
et al. (2013) conducted research with the same 
population as in our study, they employed different 
imaging methods such as cone beam computed 
tomography (CBCT) and MDCT, respectively. 
This may be the reason why the MA results of the 
present study differ from the results obtained by 
Büyük et al. (2018) and Ekici et al. (2013). 

The AA acquired by Kent et al. (2015) was 
smaller than that in our study (Table 3). This 
situation may be due to a different ethnic origin. 
The reason for the fact that the AA found in our 
study was different from the AA obtained by 

Yavuz et al. (2008) in Table 3 may be the use of a 
different imaging method (Towne’s X-ray) and the 
use of different reference lines when measuring 
the angulation.

It is thought that the difference between the 3rd 
and 8th decades in the left AA is due to the randomly 
collected samples evaluated in these decades. 
The fact that the difference in the left AA did not 
originate from the 1st decade (the difference in 
lengths originated from the 1st decade) indicates 
that the anterior and medial angulations did not 
change statistically significantly from the 1st 
decade.

In the study performed by Ayyıldız et al. (2019) 
on Eagle syndrome patients, the imaging method 
and measurement methods used were the same 
as in our study. Upon comparing the above-
mentioned results with the results of our study 
in asymptomatic individuals, the results of the 
SP anterior and medial angulation were similar. 
However, the results of the SP anterior and lateral 
lengths were different (Table 3). Therefore, it is 
thought that the anterior and medial angulation 
alone cannot be sufficient for the diagnosis of 
Eagle syndrome, and it may be more useful to 
know the SP length and coordinates.

In conclusion, the fact that the present study 
was conducted using the 3D-CT imaging method 
will provide detailed and reliable information 
about the SP length, angulation, and coordinates. 
The results of this study on the SP will help 
clinicians dealing with the SP in determining the 
variational status of the SP more easily. Knowing 
the length, angulation, and coordinates of the 
SP in asymptomatic individuals will positively 
affect the quality of the report of radiologists 
who report CT images of this region in daily 
routine practice. Furthermore, it is important 
for the prevention of complications, which may 
be encountered during the pre-postoperative 
period by otorhinolaryngologists dealing with the 
surgery of this region, and for the guidance of the 
surgery.
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